The haemolytic effects of distilled water, 50% ethyl alcohol and 100% ethyl alcohol extracts of three plant seeds, Fulkoroi (Samanea saman), shegoon (Tectona grandis) and Gargan (Dipterocarpus turbinatus) were studied on a predatory fish Heteropneustes fossilis under laboratoary conditions. Comparative data of control and treated fishes showed that the toxic components induced changes in the blood parameters. Piscicides inducing toxicity were evident from decreased RBC counts, low haemoglobin percentage and decreased PCV, MCV, MCH values but increased WBC counts. Haemolysis included shrunken or swollen RBC, granulated nuclei of RBC and pyknotic and swollen nuclei of WBC, cellular damage resulting in bare nuclei of RBC and WBC, clumping of RBC and syncitium of RBC matrix. Damage of blood cells with 100% ethyl alcohol extract was pronounced with all the seed extracts. The order of toxicity on the blood parameters statistically were T. grandis > S. saman > D. turbinatus seed extracts. On the basis of haemolysis of blood cell the effects were D. turbinatus > S. saman > T. grandis seed extracts.
Introduction
The haematological assessment is the rising motive to prove any disturbance of environmental influences on fishes. Study of haematological parameters on the toxic extracts of the blood parameters of fishes is an important basic effort which leads to understand the impact of the piscicides on fishes. Haematological parameters are related to the response of the organisms to changing environmental conditions. These parameters of a fish reflect the ecological conditions of its habitat. Blood parameters are probably one of the rapid and detectable variations under stress. Any deviation from the normal values may be due to the alterations in the physiological and pathological states of the fish (Blaxhall 1972 , Smith et al. 1979 . The effect of toxicants on fish can be assessed by the use of haematological indices as it has been reported to be a routine procedure in toxicological research, environmental monitoring and fish health conditions. The changes in the characteristics of blood cells are important diagnostic indicators of environmental stress on fish (Blaxhall 1972) . These changes can provide evidence of exposure to toxicants (Lester and Budd 1979, Dick and Dixon 1985) .
A number of studies has been carried out on the effects of plant pisicicidal compounds on fish haematology at home and abroad. Effect of sub lethal concentrations of Parkia biglobosa on haematological parameters of the African catfish, Clarias gariepinus has been reported by Fafioye and Adebisi (2000) . Agbon et al. (2002) studied on the acute toxicity of tobacco (Nicotiana tobacum) leaf dust on Oreochromis niloticus and haematological changes resulting from sublethal exposure. Adeyemo (2005) observed the haematological and histopathological effects of Cassava mill effluent in Clarias gariepinus. Haematological and piscicidal effects of Carica papaya seeds on catfish, Clarias gariepinus were studied by Ayotunde et al. (2011) . At home, haemolytic effects of Cassia siamea, Datura metel, Cassia tora and Albizzia lebbeck seed extracts on Heteropneustes fossilis and Channa punctatus were studied by Nasiruddin et al. (2001 Nasiruddin et al. ( , 2002 . Nasiruddin et al. (2010) also studied the haemolytic effects of six plant seed extracts on H. fossilis whilst haematological changes in the blood parameters and blood cells of H. fossilis treated with Tabarnaemontana divaricata plant part extracts were studied recently (Nasiruddin et al. 2011) .
It is desirable to evaluate the haematological changes in the blood parameters and blood cells of H. fossilis (Bloch) resulting from the toxic effects of the extracts of plant seeds of indigenous plants S. saman (Jacq.), T. grandis (L.), and D. turbinatus (Gaertn). The present work thus deals with the differential cell counts of the RBC, WBC and determination of haemoglobin content of H. fossilis. From the reading, the packed cell volume (PCV), mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were calculated. The present study would provide a baseline data on the effect of the plant seed extracts on some haematological parameters and blood cells of the fish.
Materials and Methods
Seeds of Samanea saman, Tectona grandis and Dipterocarpus turbinatus locally called 'Fulkoroi', 'Shegoon' and 'Garjan' respectively were collected from Chittagong University campus. Seeds were collected from ripe fruits and pods, dried and preserved in separate air tight glass jars in the laboratory.
In order to extract the toxicant, well dried seeds were grinded at first in a mortar, and then in an electric blender and sieved through a 0.0025 cm 2 sieve. Ten grams of the grinded powder were dissolved with 100 ml of distilled water, 50% ethyl alcohol or 100% ethyl alcohol separately and thoroughly mixed by a magnetic stirrer. The resultant liquid was filtered through fine cloth to make up the stock solution. The five test concentrations (ppm) were calculated from this stock solution by appropriate dilution (APHA 1976 Blood films of both control and treated fishes (middle dose of each experiment) were collected by cardiac puncture with the aid of needle, taken on clean greaseless slides, smeared, air dried and stained in Leishmans stain, to observe the changes of blood cells. Blood was drawn in RBC and WBC pipettes with a haemocytometer to count the RBC and WBC. Blood was also collected in a haemometer to measure the haemoglobin content. Total number of RBC and WBC were estimated using the method of Raphael (1983) . Haemoglobin was measured with Sahli's haemometer. The absolute blood parameters i.e. packed cell volume (PCV), mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were evaluated following Bhatt and Farswan (1992) .
The "t" test was applied to determine level of significance of statistical analysis made between the values of normal versus treated blood parameters of each of the plant seed extracts. Microphotographs were taken with a compound microscope (Microcos-Austria MC-100 microscope) having photographic attachment (Canon Power Shot A-640 camera, Japan) under x1000 magnification.
Results and Discussion

Haemolytic effects of S. saman, T. grandis and D. turbinatus seed extracts on the blood parameters of H. fossilis:
The comparative analysis of the haematological data for the experimental and control fishes is given in Tables 1 and 2 . The present investigation was done only with the fishes of the mid-dose. Exposure to different extracts of S. saman, T. grandis and D. turbinatus seeds produced decrease in RBC, haemoglobin content (Hb g and %), PCV, MCV, MCH, except WBC the number of which increased (Table 1) .
Comparative data of the haematological parameters of control and treated fishes showed that the toxic property of the plant seed extracts induced significant changes in the blood parameters of H. fossilis. The RBC counts, haemoglobin contents, PCV, MCV and MCH values of blood of treated fishes decreased and the WBC counts increased with all the experimental seed extracts. Generally all the blood parameters of the experimental fishes were reduced serially in the three extracts which were proved by "t" test (Table 2) . The test applied to determine the level of significance of statistical analysis made between the blood parameters of normal versus treated fishes indicated that these three plant seed toxicants had definitely haemolytic properties.
The order of calculation of the affectivity of the solvents was control < distilled water < 50% ethyl alcohol < 100% ethyl alcohol. Dhannekar et al. (1985) , Bhatt and Farswan (1992) , Hymavathi and Rao (2000) and Nasiruddin et al. (2011) who reported similar decrease in all blood parameters except WBC. The reduction in these blood parameters is an indication of anemia caused by exposure to the plant seed extracts. The anemic response could be as a result of destruction of erythrocyte or inhibition of erythrocyte production (Wintrobe 1978) or haemodilution as reported by Sampath et al. (1993) . A decrease in the erythrocyte count or in the percent of haematocrit indicates its developing anemia (Vosyliene 1999) . Analysis of erythrocyte level has shown the presence of anemia or stress polycythemia which affect the transport of oxygen to critical tissue, whereas total leucocyte counts may indicate leukemia and leucocytosis, suggesting possible immune function alteration, which is caused by the increasing number of WBC .
Blood cells of control H. fossilis fish:
The blood smears of control H. fossilis indicated that the RBC were large and oval with distinct cell wall and centrally placed small circular nucleus surrounded by a thick broad rim of non granulated cytoplasm. WBC were ovoid or spheroid shaped cells with centrally placed large sized round nucleus and distinct cell wall with clear cytoplasm. The nuclei of WBC were comparatively larger than the nuclei of RBC. In both RBC and WBC the nucleus took dark blue stain and the cytoplasm took light pink to purple color stain (Plate 1A).
Effects of S. saman seed extracts on the blood cells of H. fossilis fish:
Both RBC and WBC were affected with the distilled water extract of S. saman seeds (Plate 1B). Clumping of blood cells was evident. RBC and WBC became deshaped with damaged cell wall. RBC were deshaped with granular and bare nuclei. Syncitium was evident to some extent. Pyknotic and bare nuclei of WBC were also found.
When the fishes were treated with 50% ethyl alcohol extract, damage of blood cells was evident (Plate 1C), showing deshaped RBC with swollen nuclei. Syncitium occurred. Some RBC were seen with granular and bare nuclei. Cytoplasm of RBC was vacuolated. WBC were swollen with bare and pyknotic nuclei.
With 100% ethyl alcohol extract extensive clumping in the blood cells were evident. RBC were with extensively damaged cell membrane, deshaped nuclei and syncitium occurred (Plate 1D). Bare and granulated nuclei of RBC were also evident. WBC were with damaged cytoplasm, with vacuoles in the matrix. Bare and pyknotic nuclei of the WBC were also observed.
Effects of T. grandis seed extracts on the blood cells of H. fossilis:
With distilled water extract of T. grandis seeds, RBC were found with damaged cell wall, swollen and deshaped nuclei. Granulated nuclei of RBC and slight cell syncitium were also evident. Deshaped WBC were seen with bare and pyknotic nuclei (Plate 1E).
As a result of the effect of 50% ethyl alcohol extract RBC were deshaped with damaged cell wall and swollen and granulated nuclei (Plate 1F). Slight syncitium in RBC matrix was evident. WBC were with dissolved cytoplasm and with irregular and deshaped nuclei. Some WBC were found to be with damaged cell wall and with swollen and pyknotic nuclei.
Exposed to 100% ethyl alcohol extract, extensive clumpings of both RBC and WBC were evident (Plate 1G). Cell membrane of RBC disintegrated and syncitium occurred. Vacuoles in the matrix and granulated nuclei of RBC were evident. WBC were shrunken with pyknotic, bare and deshaped nuclei. 
Effects of D. turbinatus seed extracts on the blood cells of H. fossilis:
Slightly swollen, deshaped and irregular RBC with damaged cell wall were the principal changes in the blood of H. fossilis exposed to distilled water extract (Plate 1H J). Some RBC were damaged. Granules and vacuoles were seen in the cytoplasm of RBC matrix. Some were with bare nuclei. WBC were also found with bare and pyknotic nuclei.
RBC were shrunken, deshaped and disintregrated. Cell clumping and syncitium occurred, vacuoles in some RBC cytoplasm were evident when exposed to 50% ethyl alcohol extract (Plate 1I). Granulated nuclei of RBC were also observed. WBC were with deshaped, bare and pyknotic nuclei.
The effects of 100% ethyl alcohol extract were greatly noticeable (Plate 1J). Cell membrane of RBC disintegrated hence syncitium occurred. Bare and granular nuclei of RBC were evident. Bare and pyknotic nuclei of WBC were also evident. Cytoplasm of both RBC and WBC were reduced to some extent.
Morphological changes in blood cells observed in blood smear are one of the most specific indices of toxic effect on fish. From the study of blood cell slides, the blood smear in normal fishes were without haemolysis and that of treated fishes showed haemolysis of RBC and WBC in many ways, such as changes in shape, damage of cell membrane, swollen nuclei, clumping and formation of syncitium in RBC matrix, whereas nuclei of WBC were pyknotic and bare. Similar haemolytic effects of plant toxicants were found by Bhatt and Farswan (1992) , and Nasiruddin et al. (2001 Nasiruddin et al. ( , 2002 Nasiruddin et al. ( , 2011 . In the present study, from the study of blood film damages the order of toxicity followed the pattern: D. turbinatus > S. saman > T. grandis seed extracts.
The toxic substances in the medium changed the haemopoitic activity. The active ingredients of the three indigenous plant seeds influenced the dynamicity of haemopoesis in H. fossilis. The effects on blood parameters suggested that the physiology of the fishes was disturbed to an extent resulting in the death of the fishes whilst being toxified with these plant seed extracts. On the basis of haematological studies, it would be possible to forecast the physiological state of fish.
